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(54) Suppression of local oscillator second order harmonics 



(57) A system and a method are provided for sup- 
plying oscillating signals having suppressed even order 
harmonic components. Such oscillating signals can be 
supplied over broad frequency bands including RF sig- 
nals of between 10 kilohertz (10 kHz) and 100,000 meg- 
ahertz (100,000 MHz). In particular, symmetric square 
wave signals are supplied which have essentially no 
D.C. or second order harmonic components. Such sig- 
nals are used for frequency shifting purposes. Any 
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undesired mixing products generated by any odd order 
harmonics typically will not overlap signals desired from 
frequency shifting operations, and thus can typically be 
filtered off. Moreover, some common mixer designs 
yield minimal noise when driven by square wave sig- 
nals, particularly when driven by the supplied symmetric 
square wave signals. 
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Description 

BACKGROUND OF THE INVENTION 
5 Held of the Invention 

[0001 ] The present invention pertains to local oscillation systems and methods, and more particularly, to suppression 
of even order harmonic components of an oscillating signal. 

10 Description of the Related Art 

[0002] In the field of radio communications, signals are transmitted over a plurality of channels each comprising a car- 
^ uency fcF and frec ? uenc y band s on one or both sides of the carrier frequency f 0F To communicate a signal S of 
low fluency f s ever a high frequency channel, the signal S can be mixed with a carrier signal C3 ai ihe carrier fre- 
quency f cs of the channel to generate a modulated signal MS. The modulated signal MS can then be transmitted over 
the channel to a receiver. 

[0003] The receiver may downshift a received signal RS to obtain signal S by mixing the received signal RS with 
another oscillating signal CS2 at the same carrier frequency f CF Alternatively, the receiver may downshift the received 
signal RS to an intermediate frequency f 1F band between the low and carrier frequencies by mixing the received signal 
RS with an oscillating signal (OCS) of frequency f ocs - (f CF - f IF ) . This is frequently done to support filtration and or 
amplification processes in such intermediate frequency f , F band. 

[0004] Such mixing operations typically yield both a desired signal DS and undesired mixing products. The undesired 
mixing products can be caused by interfering signals received from other transmission sources. For example, second 
harmonics of an interfering signal of frequency 14 (f cs + f osc ) may be mixed with a second harmonic of the oscillating 
signal OCS to y. eld an undesired mixing product of frequency (f cs + f osc - 2f osc ) = f cs - f osc = -f lF , which is in the 
frequency band of the desired signal DS. Such an interfering signal is commonly called a "half IP signal. Once such 
distortion is frequency shifted in band with the desired signal DS, it cannot be removed by simple filtering processes, 
and may result in irreversible distortion to the desired signal DS. Further, the receiver will be desensitized by such in 
band distortion. 

[0005] It is generally desirable for the receiver to suppress the undesired mixing products. Such suppression is a func- 
tion of both the second harmonic content of the received signal RS, and the second harmonic content of the oscillating 
signal OSC. Suppressing second order harmonic components in the oscillating signal OSC suppresses undesired mix- 
ing products as well. 

[0006] Referring now to Figure 1 , there is shown a block diagram of a conventional circuit 100 for downshifting an 
input signal IN to obtain a desired signal DS. Conventional circuit 100 includes a local oscillator 10, differential amplifier 
20, and mixer 30. The local oscillator supplies an oscillating signal C1 to input 22 of the differential amplifier 20 and a 
fixed voltage V FIXED is supplied to input 24 of the differential amplifier 20. The differential amplifier 20 amplifies the volt- 
age differential (C1 - V FIXED ) between inputs 22, 24, and supplies this amplified voltage differential as output signal C2 
at output 26. If the gain x and slew rate y of the differential amplifier 20 are sufficiently high, the differential amplifier 20 
will clip at minimum and maximum clipping voltages during operation. Consequently, if the fundamental frequency f Ci 
of oscillating signal C1 is sufficiently low, the output signal C2 will be shaped roughly like a square wave of frequency 
fd - Th mixer 30 then mixes the input signal IN with the output signal C2 to obtain the desired signal DS in the inter- 
mediate frequency f| F band and various undesired mixing products. 

[0007] The conventional circuit 100 is limited. The output signal C2 typically includes amplified distortion and D C 
components of the oscillating signal C1 Particularly, even order harmonics of the oscillating signal CI will be amplified 
by the differential amplifier 20, thus distorting the output signal C2. This typically causes deviation in the output signal 
C2 from fifty percent duty cycle. That is, the output signal C2 will not have even mark-to-space ratio, where the mark 
and space conditions respectively are the HIGH and LOW state durations of the output signal C2. The magnitude of 
such deviation is believed to depend on the amplitude of the even order components in output signal C2, and on the 
phase of the even order harmonics relative to the fundamental frequency of output signal C2. 

[0008] Non-idealities of the differential amplifier 20 also supply distortion to the output signal C2. For example, due to 
imperfect component matching, the differential amplifier 20 typically has a random D.C. offset voltage of magnitude 
between 0 mV and about 5 mV Such random D.C. offset voltage adds a substantial D.C. component to the output signal 
C2. 

[0009] When output signal C2 is mixed with the input signal IN in the mixer 30, various undesired mixing products will 
be obtained. The P.C. and second order harmonic components of the output signal C2 can produce undesired mixing 
products in the intermediate frequency f, F band, for example, from a half IF interfering signal received with the irput sig- 
nal IN, or from other received signals which have been intermodulated into the intermediate frequency f IF band This 
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significantly, and usually irreversibly, distorts the desired signal DS. 

[0010] There is thus a significant need for an improved system and method for generating oscillating signals of suit- 
able quality for frequency-shifting applications. In addition, there is a need to substantially suppress the even order har- 
monics, particularly the D.C. and second order harmonics, of these oscillating signals. Further, there is a need for a 
system and method to yield symmetric square wave signals as output for superior mixing results in common mixer 
designs, such as the Gilbert Cell mixer. Moreover, a system and method should have a highly symmetric circuit design 
for improved operation at frequencies above about 800 MHz. 

SUMMARY OF THE INVENTION 

[0011] The present invention comprises a system and method for supplying oscillating signals having suppressed 
even order harmonic components. Such oscillating signals can be supplied over broad frequency bands including RE 
signals of between 10 kilohertz (10 kHz) and 100,000 megahertz (100.000 MHz). These signals are believed to be 
highly beneficial as carrier signals for modulation, demodulation, and other frequency shifting applications. In particular, 
symmetric square wave signals are supplied which have essentially no direct current (D.C.) or second order harmonic 
components. 

[0012] In accordance with one aspect of the present invention, a symmetric square wave signal is supplied using a 
differential amplifier having a single output, with the symmetric square wave signal being the voltage differential at this 
output with respect to a biasing voltage level of the differential amplifier. In accordance with another aspect of the 
present invention, a symmetric square wave signal is supplied using an amplifier having a differential pair paired con- 
figuration, with a symmetric square wave signal being supplied as the voltage differential between paired outputs of the 
differential amplifier. The differential pair configuration improves design symmetry of the amplifier, which is particularly 
valuable for providing oscillating signals of frequency above 800 MHz. 

[001 3] In accordance with another aspect of the present invention, an oscillating input signal is processed to generate 
an output signal which is fed back and differentially amplified with the input signal. More particularly, the output signal 
is filtered to substantially attenuate frequencies components thereof of frequency at least as high as the fundamental 
frequency of oscillation of the input signal. The amplitude differential between the input signal and the filtered output 
signal is then amplified to supply the output signaJ. This attenuates any D.C. component in the output signal. Preferably, 
some frequency components of the output signal below the fundamental frequency of oscillation of the input signal are 
amplified together with such filtration process to further attenuate any D.C. component in the output signal. Amplifica- 
tion of such amplitude differential may include clipping the amplitude differential at both maximum and minimum ampli- 
tudes to supply the output signal. This supplies an output signal with a substantially symmetric square wave proffle by 
attenuating both the D.C. component and even order harmonic components. 

[001 4] Oscillating signals supplied in accordance with the present invention yield various benefits in frequency shifting 
applications. For example, in a mixer circuit the absence of D.C. and second order harmonic components in such oscil- 
lating signal significantly reduces the amount of signal power from unwanted interfering signals that is frequency trans- 
lated into the intermediate frequency band of the desired signal. Further, undesired mixing products generated by odd 
order harmonics, other than at the primary frequency of oscillation, typically will not overlap signals desired from the 
frequency shifting operation, and can be filtered off. Moreover, some common mixer designs, such as the Gilbert Cell 
mixer, yield minimal noise when a square wave signal is used as an input signal, and the symmetric square wave sig- 
nals supplied in accordance with the present invention are thus ideal for use with such mixers. Finally, the symmetric 
square wave signals have a fifty percent duty cycle, which may prove valuable for supplying high quality clocking signals 
on high frequency integrated circuit chips. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 

Figure 1 is a block diagram showing a conventional circuit for downshifting an input signal IN to obtain a desired 
signal and undesired mixing products. 

Figure 2A is a block diagram of a first embodiment of an improved system for supplying oscillating signals having 
suppressed even order harmonic components, and for using such oscillating signals for downshifting an input sig- 
nal IN to obtain a desired signal DS, in accordance with the present invention. 

Figure 2B is a timing diagram illustrating a first embodiment of operation of the improved system of Figure 2A in 
accordance with the present invention. 
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Figure 2C is a flow diagram illustrating a first embodiment of operation of the improved system of Figure 2A in 
accordance with the present invention. 

Figure 2D is a block diagram of an embodiment of a low-pass filter for use in the improved system of the present 
invention shown in Figure 2 A. 

Figure 3A is a block diagram of a second embodiment of an improved system of the present invention for supplying 
osallating signals having suppressed wen order harmonic components, with the oscillating signals being supplied 
differentially across paired outputs, in accordance with the present invention. 

Figure 3B is a block diagram of a third embodiment an improved system for supplying oscillating signals having 
suppress harmonic content, and tor driving a mixer with such oscillating signals to downshift an input signal IN in 
accordance with the present invention. H a 

Figure 3C is a block diagram of an alternative embodiment an improved system for supplying oscillating signals 
having suppress harmonic content, and for driving a mixer with such oscillating signals to downshift an input signal 
IN. in accordance with the present invention. 

DETAILE D DESCRIPTION OF THE INVENTION 

[001 6] Referring now to Figures 2A there is shown a block diagram of a first embodiment an improved system 200 of 
the present invention for supplying oscillating signals having suppressed even order harmonic components, and for 
usrng such osc.llat.ng s.gnals to downshift an input signal (IN) to obtain a desired signal (DS). Improved system 200 

^nTLc?„ a ^ Til 0, 3 differential am P lifier 12 °- a ™er 130. and a low^ass filter 140. The local oscillator 
1 10 has an output 1 16. Thedrfferent.al amplifier 120 has a non-inverting input 122. an inverting input 124. and an output 

\ fo J^f miXe L f h f and SeCOnd inputS 132> 134 *" an output 136 - Final1 * ^ 'ow-Pass filter 140 has an input 
1 4£ ana an output 1 46. 

[0017] The local oscillator 110. differential amplifier 120. mixer 130. and low-pass filter 140 are coupled to a power 
supply at Vdd. an electoral ground at Vss. and one another as follows. The non-inverting input 122 of the differential 

rZS^fl . 40 ^S^J 16 * IOCa ' 0SCi,,ator U0 The outout 126 of *» differential amplifier 120 is 
coupled to both the first input 132 of the mixer 130 and the input 142 of the tow-pass filter 140. Finally, the output 146 
of the low-pass filter 140 is coupled to the inverting input 124 of the differential amplifier 120 

* 5 ™? If' ° SCi,lator 110 Supplies local osci,lator si 9 nal LOS at 116. The local oscillator signal LOS has 
JJSJf? ^"f ^ V o LOS ° f a PP roximate, y 800 MHz and magnitude of approximately 200 mV peak-to-peak. The 
a^harmSto r comp^neS ray diM °" components ' such as a direct (D.C.) component 

S?l 91 , IT 6 di ! eren !'.f amp,ifier 120 supplies an oulDUt si 9" al os at o"«P"t 126. The output signal OS is an amplifi- 
cation of the voltage drfferential (V 122 - v 124 ) between the non-inverting and inverting input ports 122. 124 The diSe - 

norm a f!!S^ r ^ * C " P * minimum "« volteQ es V MIN . V MAX respectively during 

normal operation. These cl.pp.ng voltages V MIN . Vmax respectively are minimum and maximum sustainable voltage lev 

!^2l r i^ n I" PP ^ by ! he erentia ' am P ,if ier 12 °- ^ ^ understood by those skilled in the art. the differential 
br,ef l SUPPly VOlta9e f less than the minimum cli PP in 9 voltage V MIN . and greater than the maximum 
£? t r 9 J°T 9 ♦ -J** H 16 9a,n T 3nd SlW rate Y of the differerrt i al amplifier 120 should preferably be sufficiently high 
that the drfferential amp.rf.er 1 20 clips very quickly. That is. a voltage differentia! between inputs 122 1 24 which exceeds 

iTl * ^ S . f!" 56 , 6 differential am P ,ifier 120 to clip. To this end. the magnitude of the gain t should be 
greate tnantwelve and toe slew rate Y should be at least 1/(4 xf LOS ). Because the drfferential amplifier 1^ . 
normal operation, the gam x is extremely non-linear. The following exemplary voltage levels may be used. V DD = + 2.5 
V. v ss = -2 5 V. V MAX = 100 mV. and V M1N = -1 00 mV. 

tS thT^-Trt S i St6m J°f J"! 'T** 66 f " ter 140 Preferab,y has a 3db freauencv of about 10 kHz. The magni- 
tude of tiie fransfer function H(o) of the low-pass filter 1 40 should be substantially greater than one for frequencies I = 

L^rim k !I? ly ' thiS ma9nitude I H <°> I should be at least forty. Further, in this embodiment of the 
™^?o . ? } s^**™ P 09 ^ amplitude. The low-pass filter 140 should strongly attenuate signals of fre- 

r^nl^lTlZ f VS LOS - IfT Wen 3 Si9na ' P° ,e f iHer tvptea,v suffice s ^re because f LOS is many orders of 
magnitude higher in frequency than the specified 3dB frequency. 

tor?whir^L?S I 30 77*^* C ; 0nventional Gilbert ^ mi «r- The mixer 130 includes a plurality of pass transis- 
tors wh.chrece.ved s.gnals. In particular, an oscillating signal supplied to input 132 drives the pass transistors at varia- 

n infJi?J^rT^ S,0rS a rV C ° UP . led t0 amp,ify 3 Second Si9nal received at in Put 134 at the rate determined by the 
osc.llat.ng s.gnal. Th.s multipl.es the second signal by the oscillating signal, with the product being supplied as a voltage 
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level at output 136. 

[0022] Referring now to Figures 2B and 2C there are respectively shown timing and flow diagrams illustrating opera- 
tion of improved system 200. In operation, the non-inverting input 122 receives 401 the local oscillator signal LOS from 
the local oscillator 110. The inverting input 124 receives a feedback signal FBS from a feedback loop. The feedback 
loop traverses a path from the output 1 26 of the differential amplifier 1 20, through the low-pass filter 1 40 to the inverting 
input 124 of the differential amplifier 120, and through the differential amplifier 120 back to the output 126 of the differ- 
ential amplifier 120. The feedback signal FBS is an amplification of the D.C. component of the output signal OS supplied 
by the differential amplifier 1 20. Frequency components of the output signal OS at frequencies at least as high as f LOS 
are substantially attenuated 403 by the low-pass filter 1 40. The D.C. component of the output signal OS is amplified 405 
by H(0) s 40 in the low-pass filter 140. 

[0023] The differential amplifier 120 amplifies 407 the voltage differential (LOS - FBS) between its non-inverting and 
inverting inputs 122, 124, with the output signal OS of the differential amplifier 120 being this amplified voltage differen- 
tial. By operation of the feedback loop, any D.C. component LOSqc i'i the local oscillator signal LOS is suppressed at 
output 126 by a factor of approximately 1/H(0). That is, substantially .io D.C. will be introduced to the output signal OS 
by such D. C. component LOSdc. Consequently, the output signal OS will be near V M(N for the same amount of time that 
it is near V MAX , and will thus closely approximate a symmetric square wave having frequency f LO s- 
[0024] Improved system 200 is substantially immune to variations in the amplitude of the local oscillator signal LOS. 
If the amplitude of the local osciliator signal LOS increases, the output signal OS might transition slightly faster between 
the minimum and maximum clipping voltages V MIN , V^x. However, by design these transition times are always very 
short. Consequently, even rf the quality of the local oscillator signal LOS becomes degraded, the output signal OS will 
still closely approximate a symmetric square wave. 

[0025] Improved system 200 substantially eliminates any D.C. component introduced to the output signal OS by the 
differential amplifier 120. Such D.C. component would be tracked by the feedback signal FSB and suppressed. For 
example, if the D C component of the output signal OS increases from 0 V, then the voltage of feedback signal FBS will 
increase, which increases the voltage at the inverting input 124 of the differential amplifier 120, which causes the volt- 
age of the output signal OS to decrease back toward 0 V. Similarly, if the D.C. component of the output signal OS 
decreases below 0 V. then the voltage of feedback signal FBS will decrease, which decreases the voltage at the invert- 
ing input 124 of the differential amplifier 120. which causes the voltage of the output signal OS to increase back toward 
0 V. Thus, the feedback loop accounts for non-idealities both in the differential amplifier 120 and in the local oscillator 
1 10. These properties are particularly beneficial for supplying square wave signals having essentially no D.C. and even 
order harmonic components, and thus for suppressing undesired signals in a receiver. 

[0026] Because the output signal OS provided by improved system 200 closely approximates a symmetric square 

wave, it will have even order harmonic components which are all very close to zero. That is. the D.C, 2 nd . 4 th , 6 th n m 

(where n is an even integer) order harmonic components of the output signal OS typically are all very close to zero 
amplitude. This can be seen from the coefficients for a harmonic Fourier series representation of a symmetric square 
wave, which are given as: 

a 0 = D.C. component 0; and 

a k = 4/M x [sin(k7i/2)/(krt/2)], for k £ 1; 

where k is the order of the harmonic term. The harmonic Fourier series representation for output signal OS is given as: 

OS = a 0 + a 1 xcos(co 1 t) + agxcospco-jt) + a 3x005(300., t) + ... ; 

where t represents time and co 1 = f LOS /2a . From the coefficient equation above it can be immediately seen that the 
even order coefficients a 2n = sin(nn) = 0 . Thus, all of the even order harmonic components in the output signal OS are 
substantially suppressed by operation of improved system 200. 

[0027] The output signal OS from the differential amplifier 120 is beneficially used by the mixer 130 for downshifting 
the input signal IN to obtain desired signal DS in an intermediate frequency f, F band. The first input 132 of the mixer 130 
receives the output signal OS of the differential amplifier 120, and the second input 134 of the mixer 130 receives the 
input signal IN. The mixer 130 downshifts the input signal IN to supply a product signal PS at output 136. The product 
signal PS is the superposition (sum) of the desired signal DS and a minimal quantity of undesired mixing products. 
[0028] Note that the output signal OS has substantially no D.C. and second harmonic content. Thus, when the output 
signal OS of the differential amplifier 120 is mixed with the input signal IN in the mixer 130. the closest non-zero har- 
monic component of the output signal OS which can generate undesired mixing products is the third order harmonic 
component. The undesired mixing products caused by third order harmonics typically will not overlap with the spectrum 
of the desired signal DS because third order harmonics are too far away in the frequency domain. The product signal 
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tiL^^^fh'^f 8 fHt K? t0 r6mWe the UndeSired mixing products ' and y' e,d * e desir ^ signal DS substan- 

wave £2 Z one tNr^SZT 6 ? 0 " EX ** ° f ^ ° rder harmonics of a ^mmetric square 

wave is less than one h.rd that of the fundamental frequency component. Production of undesired mixing products bv 
the third order harmon.cs thus do not significantly absorto system power. products by 

in ^L^ U lT?n^K° nS *° i ?" P T d SySt6m 200 arS a,S ° in accordance w * h present invention. For example, 
m^S^ll ' t ^" on - ,nvert,n 9 '"P" 1 1 22 of the differential amplifier 1 20 receives the local oscillator signa 

irS™ ^ T A 9 '^ PUl -«. reCe,V88 * e fe6dback 5,9,131 FSB " However - in a,ternative embodiments of the prS 
EST? ?coo n ?. ,npUt 124 r6Ce,VeS 1,16 local osci,,ator sianal L0S ^ the non-inverting input 122 recerveTthe 
. !£ESiy n- f «?^ ati ° n ° f SUCh m altemative •*°*»rt of the present invention is sfmilar to that proved 
EELSiSS? . ^L 01 ?" 1 Si9nal ° S iS inverted - another a,temative embodiment of the present iSon 
rnSr^ 0 " 8 ? r ^ ^ ° f thS miX6r to f Urther reduce ^"eration of undeslred mixing pS 
in^rtil ^^ n« rt ^' mente ° f me preS6nt inven1ioa a diff erential amplifier is used which has either two 
™V"l Z tM lT'T'^ n9 , ,npUt ***■ TOS can be accomplished, for example, by modifying the low-pass filter t£ 
so that it mntt the feedback signal FBS. Alternatively, the differential amplifier or tow-pa JfiL can have differential 

emb0dimem * 1,16 Present invention ha ™9 «* 'atter feature is disclosed more Sly bZ 

IS hT^iT^' 50 10 Fi9Ure 2D ' th6re iS Shown an embodiment of low-pass filter 140 which includes first and 
11 in™ rt ^? h h ' 3 reS 'i t0r 170 ° f r6SiStance R " and a ca P acitor 180 <* capacitance C. The first buffS 150 nas 
an S 62 ^ni^ 01 the IOW " PaSS fBter 14 °' and an output 156 ' ^ second buffer 160 hS 

0 S?7 fi ! OUlPUt 144 Wh ' Ch SerV6S as the ou «P ut 144 °' t"e low-pass filter 140. The resistor 170 has 
ends 172. 176. and the capacitor 180 has plates 182. 186. 

If ^ILi^TJ™ 1 ? iS °° UPled t096ther 35 fO " 0WS - 71,6 output 156 of tne first buff er 150 is coupled to end 1 72 
of res.stor 170. End 176 of res.stor 170 is coupled to both the input 162 of the second buffer 160 and to plate 182 of 
factor 180. Plate 1 86 of the capacitor 180 is coupled to a 0 V source. Fina.ly. both buffed 150 1 60 are to 

wTZ^^Tl 9 ™^ VSS ' ^ " tXM1Vent ' 0nal manner " ^ -'tage differentia, across the p^tes^ 
186 of the capaotor 180 acts as a low-pass filter. The resistance R and capacitance C are selected to provide a 3dB 

rn^o, e ? U6nCy * ^ 1 ° kHz - ThiS is achieved " the «me constant t = C x R s (1/20K,) sennas 

K> tSESI? T* 142 ?I ,t r6CeiVeS *" OUtpUt Si9nal OS from ou,pul 126 of the differential ampli- 
2 x 50 preventS 1,16 res,stor 1 70 and capacitor 1 80 from loading the output 1 26 of Ihe differential 

« ^'t^ 150 3lSO SUPP ' ieS an sianal to *e resistor 17oX anplrfSoSl 

nal .then filtered by the resistor 1 70 and capacitor 1 80. with a filtered and amplified signal being suS?i?S?iS 

^ZS^EZi T T Pr ° VideS n ° additi ° na ' 9ain - ™ e f i,tered a ^ a mplff ie?. output to £ 

stentiallv^D C ^i' n ^| ,( H a, ^ , '!'e s rt to supply the feedback signal FSB at output 144. The feedback signa.%m s sub 

I^^T^^Z^ of *" reslstor 170 and 180 - Pre,erawy> 4,16 931,15 of buf,ere 

S th^« 9 nt nOW t0 rf R9U I e 3A th f rS iS ShOW " 3 CirCuit hematic of a second embodiment of an improved system 
JZSZVi ^ S, ; PPl r 9 OSCi " atin9 Si9na,S havin9 jessed even order harmon™ component 
S rS .« compr,ses a local 310. a differential amplifier 320, a low-pass fitter 340, and capacitoS 

?40 e2h S^EZiEST SUPP L VCC = 2 7 V> ^ 9r ° Und Vss " 0 V ™* dlfferential amplifier 320 and low-pT5 STr 
JlSi^nT? ^ conf,gurations - Exc ept as noted below, the improved system 300 is preferably imple- 

^SSSHSZ SC* C '^ C rL P USi " 9 biP °' ar teChn ° l09y - 11 iS TOted for ^ se of underLnding'S- 
erence characters have been used for like items where possible 

ancS R2?R l S a n 0 « s SC i! , ? 0r ^ inC ' UdeS 3 VO ' ,age source V25 ' oscil,atin 9 ^'tese sources V1 9. V20. and imped- 
ol^th^h S«n^» 9 1 0 "" 6 S ° UrCeS V19 ' V2 ° are Seria " y coupled tether, and are further respectively^ou- 

olS S 01 SiSS? to osc,,, atl ng voltage sources V19. V20 and ground V ss to bias the average voltage at 
d£2t2f ;21!!n °^ 1 ^ ^ ,oca ' osal,a t°r s.gnal (LOS) is thus supplied in conventional manner as the vottage 
differential between outputs 02. 01 . wrth the local oscillator signal LOS being the vottage at output 02 minus the vott 

So" mVoTk tonll 6 L 0 ? ° SCi 1 ator T al L ° S PrSferaWy haS 3 fundamen?a, of IK « 

due to^SSSS SlTiS ot Ud6 . Va ; i0 n!, diStorti0n COrTVOnemS of "c-er magnitude .Note that 

tier 320^^if c i ? 4^ 'ccal oscillator 31 0 does not need to be impedance matched with the differential ampli- 

alml^ 

SerStS^^ limiting amplifiers 322. 326. and a unity gain buffer 324. Soft limiting 

ampimer 322 includes resistors R4. R5. npn bipolar transistors Q1 , Q2. and a constant current source 13 The mJ 
2*I«2S * b ^ iStor R ?; |° ^ collector of transistor Q1 . and the emitter T^or^^i 

SSS^S^SSnTiSr V f S - ^ mi ' arly ' th6 SUPP ' y Vcc is coupled by resistor R5 to the SolleSor o" 

transistor Q2. and the emitter of transistor Q2 is coupled by the constant current source 13 to ground V ss . A differential 
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amplification of the voltages on the respective bases of transistors Q1, Q2 is thus supplied in conventional manner 
between the collectors of transistors Q1 and Q2. 

[0036] The unity gain buffer 324 includes npn bipolar transistors G7, Q8 and constant current sources 110, 11 1 , and 
is coupled to supply a substantially constant D.C. down-shift of the voltage levels of the collectors of transistors Q2, Q1 

5 of soft limiting amplifier 322, as follows. The base of transistor Q7 is coupled to the collector of transistor Q2 of soft lim- 
iting amplifier 322, the collector of transistor 07 is coupled to the power supply V cc . and the emitter of transistor Q7 is 
coupled by the constant current source 110 to ground V^. Transistor Q7 thus buffers the voltage from the collector of 
transistor Q2 of soft limiting amplifier 322 in a conventional manner, and the voltage at the emitter of transistor Q7 will 
be down-shifted by about 0.7 V relative to the voltage at the collector of transistor Q2, with such down-shift being the 

io diode voltage drop from base to emitter in transistor Q7. Similarly, the base of transistor Q8 is coupled to the collector 
of transistor Q1 of soft limiting amplifier 322, the collector of transistor Q8 is coupled to the power supply V^, and the 
emitter of transistor Q8 is coupled by the constant current source 111 to ground V^. Transistor Q8 thus buffers the volt- 
age from the collector of transistor Q1 in conventional manner, and the voltage at the emitter of transistor Q8 will be 
down-shifted by about 0.7 V relative to the voltage at the collector of transistor Q1 . with such down-shift being the diode 

is voltage drop from base to emitter in transistor Q8. These diode voltage drops bias transistors Q1 7, Q1 8 of soft limiting 
amplifier 326 to prevent them from entering saturation. 

[0037] Soft limiting amplifier 326 includes resistors R1 4. R1 5, npn bipolar transistors Q1 8, Q1 7, and constant current 
source 116, which are coupled together in substantially the same manner as in soft limiting amplifier 322. Soft limiting 
amplifier 326 is substantially similar to soft limiting amplifier 322 except that transconductance and resistance values 
are modified in soft limiting amplifier 326 and match the diode voltage drop supplied by the unity gain buffer 324. The 
base of transistor Q18 is coupled to the emitter of transistor Q7 of unity gain buffer 324, and the base of transistor Q17 
is coupled to the emitter of transistor Q8 of unity gain buffer 324. The collectors of transistors Q18, Q17 thus supply a 
differential amplification of the voltages from the emitters of transistors Q7, Q8 respectively. The collectors of transistors 
Q1 8. Q1 7 respectively form outputs OUT2, OUT1 of the differential amplifier 320. 

25 [0038] Soft limiting amplifiers 322, 326 and unity gain buffer 324 have symmetrical designs. This symmetry preferably 
is enhanced by closely matching transistors and resistors within each of the soft limiting amplifiers 322, 326. and the 
unity gain buffer 324. Such symmetry prevents soft limiting amplifier 322 from favoring either positive or negative input 
voltage differentials between the bases of transistors Q1. Q2. Consequently, the gain of soft limiting amplifier 322 will 
not depend on the sign of such voltage differential. The unity gain buffer 324 and soft limiting amplifier 326 will be sim- 

30 ilarly improved by such symmetry. The differential amplifier 320 thus comprises a highly symmetric three stage differ- 
ential amplifier which receives input signals at the bases of transistors Q1 , Q2 of soft limiting amplifier 322, and supplies 
output signals corresponding thereto at the collectors of transistors Q17, Q18, respectively. Using three stages assures 
that the differential amplifier 320 will quickly clip between minimum and maximum clipping voltages V M | N , if the 
input signals have a voltage differential of about 5 mV to 6 mV. 

35 [0039] The low-pass filter 340 includes an amplifying loop filter 342 and a second stage amplifier 344. The amplifying 
loop filter 342 includes capacitors C39, C40, optional off-chip capacitor C41 , resistors R36, R37, npn bipolar transistors 
Q34, Q33, and a constant current source 135. Capacitor 39 and resistor R36 are coupled in parallel to the power supply 

tat Vcq and the collector of transistor Q34. The emitter of transistor Q34 is serially coupled by resistor R42 and constant 
current source 135 to ground V^. Similarly, capacitor 40 and resistor R37 are coupled in parallel to the power supply 
V C c and the collector of transistor Q33, and the emitter of transistor Q33 is serially coupled by resistor R43 and con- 
stant current source 135 to ground V ss . A differential amplification and low-pass filtering of the voltages on the bases of 
transistors Q34 and Q33 is thus supplied in conventional manner between the collectors of these transistors Q34 and 
Q33. In particular, the collectors of transistors Q34, Q33 supply current at levels responsive to the voltage levels on their 
respective bases. These currents drive the parallel combinations of capacitors C39, C40 and resistors R36, R37. This 
45 achieves a current driven low-pass filtering of the voltage signals on the bases of transistors Q34, Q33. with the output 
signal of the low-pass filtering being the voltage differential between the collectors of transistors Q34 and Q33. This low 
pass filtering includes amplification by respective gains approximately given by the ratios R36/R42 and R37/R43 of 
resistances, with both such ratios preferably being about equal to two. Note that resistors R42, R43 maintain transistors 
Q34, Q33 in linear regions of operation and thus prevents clipping in the low-pass filter 340. As is understood in the art, 
so the voltage on the collectors will also include a substantially constant biasing voltage needed to make the transistors 
Q34, Q33 operate. The optional off-chip capacitor C41 can be coupled between the collectors of transistors Q34, Q33 
for increased stability. 

[0040] The second stage amplifier 344 includes resistors R29, R28, npn bipolar transistors Q31 , Q32, and a constant 
current source I30. and is coupled together in substantially th same manner as soft limiting amplifiers 322. 326. The 
55 base of transistor Q31 is coupled to the collector of transistor Q34 of amplifying loop filter 342. and the base of transistor 
Q32 is coupled to the collector of transistor Q33 of amplifying loop filter 342. In conventional manner, the collectors of 
transistors Q31 , Q32 thus supply an amplification of the voltages from the collectors of transistors Q34, Q33 of ampli- 
fying loop filter 342. The total gain supplied to D.C. signals by combined operation of the amplifying loop filter 342 and 
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tlTn^ZX™ 44 Sh0U ' d * abOUt ^ 10 aSSUrS attenuati ° n ° f DC - components in the 

[0041] The local oscillator 310, differential amplifier 320. low-pass fitter 340. and capacitors C23 C24 are courted 
together as follows. Output 02 of the local oscillator 310 is coupled by capacito C23 tothe base fransisto Q^oT £ 

s couoS^h^f r? 4 °V he '° W ; PaSS ,Hter 34 °- Fina "* *• co,,ector of Q31 of £ k^ passfSS 

- m^4^if ^S^^r^ ^ ampiif^r 320, and thecollector of transistor Q32 <J the lowJ^ 

fitter 340 .s coupled to the base of transistor Q1 of the differential amplifier 320. It is noted that the feedback loon 

O^oTl^ 

^fLlTT* 300 1 °P e : ates as **«*• The local oscillator 310 supplies the alternating current (A C ) por- 

fccn of the oca.' collator signal LOS between the bases of transistors Q2, Ql . Any D.C. components in the kx* «S- 
lator s,gnal LOS are attenuated by capacitors C23. C24. The differential amplifier 320 ampLs he ££^T£ 
bases of transfers Q2. Ql and supplies corresponding output signals OS,, OS, at the col.ectors «tm!E££i 
Q17 respectively, wrth supplied voltage differential (OS;, - OS,) being an amplification of the AC MrtSTJS Si 
^atorsign^LOSTheditterem^.^^ 

square wave ° SCi " at ° r Si9 " al LOS> * e SUPP ' ied VO,ta9e di «erential (OS 2 - OS,) will bel 

[0043] The differential amplifier 320 supplies the output signals OS 2 . OS, to the low-pass filter 340 In particular out- 
put signal OS 2 ,s supplied to the base of transistor Q33 and output signal OS, is supplied to the base SESS'SZ 

FbSTfb? *££t? °r?^ Si9nalS OS2 ' ° S1 - filter 340 1 supp.fe P s co.esporSng flSSs 

FBSs. FBS, . Feedback s.gnal FBS, .s supplied at the collector of transistor Q32. and is an amplification of the DC 

31°^ ° S2 - Sim i ,ar ' y - feedba <*signa. FBS, is supplied at the collector of SSSS I arc ££ 
amplrf^bon of the DC. component of output signal OS, . The voltage differential (FBS 2 - FBS,) is thus an ampS™ 
of the D.C. component of voltage differential (OS 2 - OS,) u»»«» an amplication 

S^na^BTil su^^ f" Jf^ ^ ^ FBSl to the differential am P ,itier 32 °- Ocular. 
teedtDack signal FBSa « supplied to the base of transistor Q1 . and feedback signal FBS, is supplied to the base of tran- 

L2 2 - , The D a S,9nal components supplied to the bases of transistors Ql, Q2 will substantia* be FBS, FBS 

AC - s "PP"ed t° the bases of transistors Q1, Q2 will Si£EJS?t£ IfjJS 

If^crtoiST^^S n? 6 ^ 0Sd " at0r 31a N0te that capactors C24 ' 023 be^Tery SS- 
SSo^ Ji? D.C components in the local oscillator signal LOS wi.l be received at L bases 
of transistors Q2. Q1 and will be suppressed by operation of the feedback loop. Preferably the capacitors C24 C23 arp 
EE? ™ ,°^K t0 ! U * er ^P^ 55 •» D C - components of the local oscillator signal LOS ^ ' 6 

ITmL ^thin 6 ? 3 9nalS F f t 1 * FBSa attenuate 4,16 D C - ^Ponent of the voltage differential (OS, - OS,) For 
example rf the D.C. component of this voltage differential (OS 2 - OS,) increases from 0 V then the votaSof feedbT* 
signal I FBS, wil. increase relative to feedback signa. FBS, . which increases the D.C. comp3 o^tS SSSSfS 

OS ftfn ° r °l 10 th6 15386 ° f tranSiShX Q2 - *** ««« the D C - componerTof totaoeSta eX?o& 

irrfm n v 1 T ^ ° * Similar,y - " the DC - component of the voltage differential (OS, - OS?) oSeasS 
from 0 V. then the voltage of feedback signal FBS, will decrease relative to feedback signal FBS, and thus^e D ? 
component of voltage differential (OS, - OS,) will increase back toward 0 V 1 ' 

ESUL R ? errin - "* !^ Fi9Ure 3Bl th6re iS Sh0wn a Wrd Pediment of an improved system 301 of the present 
mvent.on wherem .mproved system 300 is further coupled for downshifting an input signal IN to obtain a deM stanal 
DS ttnproved system 301 inches improved system 300. band-pass filters SSO.W and a m^xeVsTo 9 
maTer ^SS? ^^nttal.y paired inputs and outputs, and is preferably imp.emented in conventional 
manner as a tuned crcurt of inductors, capacitors, and resistors. Input signals are supplied differentially at the Mired 

aTnd SSKSi f T U T eS ° f VO,ta96S ° n ^ ^ ^^TninZ ^sZT, 

m^ fr ~ 

S5S mixer I 330 j ncl "des resistors R52. R54. and npn bipolar transistors Q52. Q54. Q56. and Q58 The power 
therr^^n * res,stor u R54 to . *• «*«*« oftransistors Q54. Q58. which together form output fO/SS 

™^T,f ^! ^ Sf^ Vcc ' S further coupled by r sistor R52 to collectors of transistors Q52 cis which 
• ^^ , -£ >UT1 ° f miX6r 33 °- 1116 emitters 01 fr^istors Q56. Q58 are coupled together to SmtaS i£ 

inputs eachdraw substantially constant direct current l TC of amplitude 1 mA from the mixer 330 to power the^ansistors 
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Q52, Q54, Q56, Q58. An input small signal IN may be supplied between the inputs IN2 and IN1. In this embodiment of 
the present invention, the input small signal IN is a current signal, and is superimposed on the l DC direct currents. The 
mixer 330 is driven by an oscillating signal received between the bases of transistor Q52 and Q58. The oscillating signal 
controls instantaneous amplification provided by the transistors Q52, Q54, Q56, Q58 to the input small signal IN. 
[0049] Improved system 301 is coupled together as follows. Outputs OUT2, OUT1 of improved system 300 are cou- 
pled to band-pass filter 360. Band-pass filter 360 is coupled to the bases of transistors Q52, Q58 of the mixer 330, and 
outputs f_OUT2, f_OUT1 of the mixer 300 are coupled to band-pass filter 370. The paired outputs of band-pass filter 
370 form the outputs of improved system 301 . 

[0050] In operation, improved system 300 supplies a symmetric square wave signal of frequency f LOS to band-pass 
filter 360. Band-pass filter 360 suppresses essentially all but the fundamental frequency component at 2 GHz. These 
are primarily the odd order harmonic components, i.e. the 3 rd , 5 th , 7 th , 9 th ..., (where m is an odd integer) order har- 
monic components, because the even order harmonic components have already been substantially suppressed by 
improved system 300. However, any even order harmonic content that was not suppressed by improved system 300 will 
be substantially attenuated in band-pass fflter 360. Hence, the mixer 330 receives an essentially pure sinusoidal signal 
of frequency 2 GHz. This beneficially reduces production of undesired mixing products in the mixer 300. The essentially 
pure sinusoidal signal drives the mixer 300 to downshift an input signal IN received between the inputs IN2, IN1 of the 
mixer 330. The mixer 330 supplies a downshifted product signal PS between outputs f_OUT2 and f_OUT1 . The product 
signal PS contains essentially no undesired mixing products because the mixer 330 is driven by an essentially pure 
sinusoidal signal. The product signal PS will lie almost entirely in an intermediate frequency f, F band determined by the 
frequency f LOS of the symmetric square wave signal and the frequency band of the input small signal IN. Preferably, 
f LOS is about 2 GHZ and the intermediate frequency f )F is about 85 MHz for application to downshifting cellular tele- 
phone signals to perform filtering and or amplif ication processes in the intermediate frequency f !F band. Any undesired 
mixing products that might be generated lie almost entirely out of the intermediate frequency f IF band, and are easily 
filtered off by band-pass filter 370. The improved system 300 thus supplies very high quality downshifting of input small 
signals, as desired. It is noted that improved systems 300 and 301 can alternatively can achieve frequency shifting to 
substantially any frequency band by varying f LOS . 

[0051] It is further noted that band-pass filters 360. 370 are optional, and are included in improved system 301 for 
increased suppression of harmonics. Alternatively, either band-pass filter 360, 370 may be omitted, for example, by 
coupling outputs OUT2, OUT1 respectively to the base of transistor Q58, Q52, and by accepting signals output by the 
mixer 330 as a representation of the desired downshifted signal. This may be preferable to achieve lower noise in some 
conventional Gilbert cell mixer designs. An embodiment of such an improved system 302 is shown in Figure 3C. 
[0052] The above description and accompanying figures are included to disclose the structure and operation of vari- 
ous preferred embodiments of the present invention and are not meant to limit the scope of the present invention. From 
the above description and accompanying figures, many variations to the present invention will be apparent to those 
skilled in the relevant art. Such variations are encompassed by the present invention, which is limited only by the follow- 
ing claims. 

Claims 

1 . A method to supply an output signal, said method using an input signal having a fundamental frequency of oscilla- 
tion, said method comprising the steps of: 

filtering the output signal to substantially attenuate frequency components thereof of frequency least as high 
as the fundamental frequency of oscillation of the input signal; and 

amplifying an amplitude differential between the input signal and the filtered output signal to supply the output 
signal. 

2. The method of claim 1 , wherein a cutoff frequency of said filtering is substantially below the fundamental frequency 
of oscillation of the input signal. 

3. The method of claim 1 or 2, wherein said filtering has a magnitude response substantially equal to zero for frequen- 
cies at least as high as the fundamental frequency of oscillation of the input signal. 

4. The method of one of the preceding claims, wherin the step of filtering includes a D.C. component of the input sig- 
nal in the filtered output signal for substantially eliminating said D.C. component from the output signal. 

5. The method of one of the preceding claims, wherein the step of filtering the output signal further comprises the sub- 
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amplifying frequencies of the output signal below the fundamental frequency of oscillation of the input signal; 

!nput n sigra| freqUenCieS * ^ * ^ ^ fundamenlal frequency of oscillation of the 

6. The method of claim 5, wherein the amplifying sub-step is performed simultaneously with the filtering sub-step. 
7 " °' Pr6Ceding C,aims ' wherein the ste P of supplying a feedback signal further comprises the 

filtering the output signal to substantially attenuate frequency components thereof of frequency least as hiah 
as the fundamental frequency of oscillation of the input signal to supply an intermediate signal; and 

amplifying the intermediate signal to supply the filtered output signal. 
20 8 ' s^Xstf ° f ° f PreCedin£J ClaimS ' Wherein * e Step of W*"B a feedback signal further comprises the 
amplifying the output signal; and 

supplying the output signal by filtering the amplified output signal to substantially attenuate frequency compo- 
nents thereof of frequency least as high as the fundamental frequency of oscillation of the input signal. 

9. The method of one of the preceding claims, wherein filtering the output signal includes amplifying the output signal. 

1 °' ^ n ^»^?^ Pr ^ n °. daimS - Wh6rein 516,5 * am P |if y in 9 an amplitude differential between the 
feSStial S ' 9 *° SUPPly OUtPUt SiQnal inC,UdeS C,ippins the amplified dif- 
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30 



1 1 ' 'SS^S^JlUS ° 1 *■* PreC6C !, n9 daim$ ' Wh6rein Step ° f amplif yin9 inc,udes c,i PP in 9 the ampl « ied amplitude 
™ZT*Lep^™ ™ m ' n,mUm amp,itUdeS to Supply ^ ou1put *** wrth a substantially symmetric 

1 2 ' ^LT^^T ° f *** preC6din9 claims ' wherein ste P of amplifying includes clipping the amplified amplitude 
"J*?" ^ max,mum ^ minimum amplitudes to supply the output signal substantially wi£ both a square 
wave profile and a fifty percent duty cycle. ^ 

'0 

1 3 * °l 0 " e ° f the preceding claims ' wherein »» step of amplifying includes clipping the amplified amplitude 

dfferentialboth at maximum and minimum amplitudes; and wherein the step of filtering includes a D.C. component 
oMhe output s.gnal in the filtered output signal, for attenuating even order harmonic components of the output sig- 

•5 

1 4 ' ^tT2 h0 i < l 0ne ° f precedin 9 claims - wher *in the step of amplifying includes clipping the amplified amplitude 
drfferental both at maximum and minimum amplitudes; and wherein the step of filtering includes an amplification 
of a D.C. component of the output signal in the filtered output signal, for substantially attenuating even order har- 
monic components of the output signal. 

o 

1 5. The method of one of the preceding claims, wherein the step of amplifying further comprises the sub-steps of: 
receiving first and second signals, with the input signal being the first signal minus the second signal; 
s receiving third and fourth signals, with the filtered output signal being the third minus the fourth signal; 

amplifying the first signal combined with the third signal by a gain factor to supply a fifth signal; 
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amplifying the second signal combined with the fourth signal by said gain factor to supply a sixth signal, with 
the output signal being the fifth signal minus the sixth signal; and 

filtering both the fifth and sixth signals to attenuate frequency components thereof of frequency at least as high 
as the fundamental frequency of the input signal; with the third signal being the filtered fifth signal, and the 
fourth signal being the filtered sixth signal. 

16. A system comprising: 

a filter coupled to receive an output signal, said filter filtering the output signal to supply a filtered signal com- 
prising at least one frequency component of the output signal; and 

an amplifier coupled to receive an input signal and the filtered signal, said amplifier differentially amplifying the 
input signal and the filtered signal to supply the output signal, for suppressing said at least one frequency com- 
ponent of the output signal. 

17. The system of claim 16, wherein the filter comprises a low-pass filter. 

18. The system of claim 16 or 17, wherein the filter filters the output signal to supply the filtered signal comprising a 
D.C. component of the output signal. 

19. The system of one of claims 16-18, wherein the filter further comprises: 

a second amplifier coupled to receive the output signal, and in response thereto, to supply an amplification of 
the output signal; and 

a low-pass filter coupled to receive the amplification of the output signal, and in response thereto, to supply a 
D.C. component of said amplification of the output signal as the filtered signal. 

20. The system of one of claims 16-18, wherein the filter further comprises: 

a low-pass filter coupled to receive the output signal, and in response thereto, to supply a D.C. component of 
the output signal; and 

a second amplifier coupled to receive the output signal, and in response thereto, to supply an amplification of 
said D.C. component of the output signal as the filtered signal. 

21 . The system of one of claims 1 6-20, wherein the amplifier includes an output having a single line which supplies the 
output signal as a voltage differential with respect to a fixed voltage level. 

22. The system of one of claims 16-21 , wherein the amplifier includes an output having two lines and supplies the out- 
put signal as a voltage differential between said two lines. 

23. The system of claim 22, wherein neither of the two lines is at a fixed voltage level with respect to a biasing voltage 
level. 
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FIG. 2C 
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